Abstract. Research has shown that two popular forms of wearable tactile displays, a back array and a waist belt, can aid pedestrian navigation by indicating direction. Each type has its proponents and each has been reported as successful in experimental trials, however, no direct experimental comparisons of the two approaches have been reported. We have therefore conducted a series of experiments directly comparing them on a range of measures. In this paper, we present results from a study in which we used a directional line drawing task to compare user performance with these two popular forms of wearable tactile display. We also investigated whether user performance was affected by a match between the plane of the tactile interface and the plane in which the users drew the perceived directions. Finally, we investigated the effect of adding a complementary visual display. The touch screen display on which participants drew the perceived directions presented either a blank display or a visual display of a map indicating eight directions from a central roundabout, corresponding to the eight directions indicated by the tactile stimuli. We found that participants performed significantly faster and more accurately with the belt than with the array whether they had a vertical screen or a horizontal screen. We found no difference in performance with the map display compared to the blank display.
Introduction
As illustrated in Table 1 , researchers have proposed various forms of tactile wearable interfaces to convey directional information on different body sites. Some of these systems (e.g. [1] , [2] , [3] ) have been tested and reported as successful in a range of environments. Of the proposed forms in Table 1 , we have focused on the wearable systems that use the torso as a display site, specifically belt-type and back torso vest devices, since previous research (e.g. [4], [5] ) suggests that their shape, size, and body contact areas support representation of cardinal (i.e. north, east, west and south) and ordinal (i.e. northeast, northwest, southeast, and southwest) directions and other information. We decided not to use the headband because it was reported that users had experienced discomfort wearing the system [6] . For the systems worn on wrists and feet, the size of body contact areas is too small effectively to afford the display of 8 directions. We also decided not to study the systems worn on fingers because users often require their hands to be free to perform other activities. The physical interface layout of systems worn on the torso typically follows one of two forms: (1) Most of the wearable tactile interfaces using this approach are in the form of a vest and stimulate the user's back. Tan et al. [4] , and Ross and Blasch [1] built their interfaces using a 3x3 motor array. Each direction was generated as a simulated line using three motors, e.g. vibrating motors in the middle vertical row of the array from bottom to top conveyed north. The systems were tested with drawing and street-crossing tasks. The researchers reported that tactile interaction effectively presented spatial information for the drawing tasks [4] and assisted visually impaired pedestrians in street-crossing [1] .
The waist belt interface represents a direction by triggering vibration of a motor at the corresponding location around the waist. The tactile representation of absolute positions directly represents directions [3] . Van Erp et al. [3] , Duistermaat [10] and Tsukada et al. [5] built prototypes in the form of a waist belt with 8 embedded motors distributed around the belt. Each motor represented one of the eight cardinal and ordinal directions, with each directional signal being generated using one motor. For example, vibrating the motor located at the front in the middle of the waist conveyed north. Evaluation results suggested that tactile interfaces were practical for conveying directional information in operational environments including pedestrian navigation during daytime [5] ) and in low visibility environments such as at night [10] ; navigation in visually cluttered environments, e.g. in the cockpit of an aircraft [3] ; and in vibrating environments, e.g. in a fast boat [3] .
